ABSTRACT
INTRODUCTION
High resolution of polyacrylamide gel electrophoresis constitutes a valuable technique for separation and characterization of macromolecules, including protein and nucleic acids. The use of this technique in separation of native proteins is established considering both the molecule size and charge, and it also can be used to determine some of their physical-chemical properties. If electrophoresis is performed under the identical conditions, in different gel concentrations, distances traveled by protein molecule will vary. In this case, a plot of log of protein relative mobility (R m ) versus gel concentration results in a straight line with negative slope (Ferguson's plot) . The slope of such plot is related to molecular weight of protein (Ferguson, 1964; Hedrick and Smith, 1968) . In this work, the molecular weight (MW) of related esterases was estimated applying the principles described above. Such procedure has the advantage of allowing a preliminary MW determination without any previous protein purification method, such as Bio-Gel (Sierecka, 1998) , Phenyl Sepharose (Marco and Felix, 2007) or Chitosan gel column (Tang and Qian, 2007) . Two esterases, EST-4 and EST-5, found in the sibling species pair Drosophila mojavensis and D. arizonae, well characterized by Zouros and Johnson (1976) , were selected. These enzymes exhibit preferential activity over β-naphthyl acetate and present distinct expression patterns. EST-4 shows specific late third instar larvae activity and it is found in the carcass. EST-5 presents constant activity through insect's life cycle and it is detected in haemolymph and fat body. Several studies supported that both esterases were coded by two distinct loci in the Drosophila repleta species group and probably had a common origin through a gene duplication event. Therefore, the aim of this work was to estimate the molecular weight of these enzymes using a simple technique and discuss results in the light of these closely related esterases evolution.
MATERIAL AND METHODS
Drosophila mojavensis and D. arizonae were originally obtained from the Genetics Foundation, University of Texas (Austin, USA). Homozygous strains for EST-4 and EST-5 for both species were achieved after endogamic crosses. The strains were maintained at 20 o C +/-1 o C on banana-agar medium. Electrophoreses were performed according to Laemmli (1970) discontinuous buffer system, but omitting SDS. Standard molecular weight proteins, individual samples of late third instar larvae and five days old females from both species were stacked in 3% slab gels, built up in 0.125 M TrisHCl buffer (pH 6.9), followed by separation in resolving gels at concentrations varying from 6 to 12% (C = 2.6%), prepared in 0.37 M Tris-HCl (pH 8.8). All the electrophoreses were conducted at 200 V for a period of three hours and 30 minutes. Gels were firstly stained for esterase activity according to Lapenta et al. (1995) , using β-naphthyl acetate as substrate, followed by total protein staining with Comassie Blue RR salt. Standard molecular weight proteins used were myoglobin (MW = 17.8 kDa), soybean trypsin inhibitor (24 kDa), carbonic anhydrase (29 kDa), ovalbumin (45 kDa), human serum albumin (66 kDa) and phosphorylase-b (97.4 kDa). Migrations for standard proteins and esterases were measured in each gel using a millimetric rule.
Relative migrations (R m ) were obtained dividing protein migration by dye front (bromophenol blue) migration. Plots of log R m versus gel concentration were constructed for all proteins. A linear regression for each protein was obtained fitting a curve to the data set using the equation Y = A + BX, where A is the interception of the Y axis and B is the slope (both given). All graphics were constructed using a Microcal Origin software, version 3.5 (Scientific and Technical Graphics in Windows -copyright c 1991 -1994, Microcal Software Inc.).
RESULTS
R m protein values changed as negative exponential function of gel concentrations. Thus, plots of log R m versus gel concentration of standard proteins produced straight lines with negative slopes, as observed in Fig. 1A . These slope values are presented in Table 1 , along with the respective standard protein MW. Using these data, it was possible to construct a plot of slopes values (multiplied by -1) versus standard proteins MW. The linear regression generated a straight line that fitted a curve using the equation already mentioned ( Table 2 . D. mojavensis showed the highest MW values for both the enzymes, 87.45 kDa for EST-4 and 86.14 kDa for EST-5. In D. arizonae, these values were 85.59 kDa (EST-4) and 84.4 kDa (EST-5). Taking in account standard deviations, these four enzymes presented MW values between 81 and 91 kDa. figure 1A , and are shown in Table 1 . (Tietz, 1995) . In this work, these concepts were exploited in the study of two well-known esterases, EST-4 and EST-5, found in D. mojavensis and its sibling D. arizonae. Graphic analysis for both the enzymes demonstrated that they presented MW values between 81 and 91 kDa ( Table 2 ). Previous studies have estimated a MW between 85 and 95 kDa for EST-4 in D. mojavensis using gel filtration HPLC and Sephadex G-150 chromatrography (Pen et al., 1984) . Our results also confirmed that EST-4 and EST-5 had very close hydrodynamic properties as observed by their relationships in native polyacrylamide gels (Figure 2 -A . The same was postulated for EST-1 and EST-J in D. buzzatii (East et al., 1990) , another member of D. repleta species group. These enzymes are classified as β-esterases, codified by the genes belonging to β-esterase cluster gene 1993) . Although EST-4 and EST-5 were differently located in the insect's body and were expressed at different periods during the development, they indeed seemed to be products of the gene duplication, showing 82% identity in N-terminal amino acid sequences (Pen et al., 1986) . EST-5 was probably the enzyme that maintained its original properties among species of D. repleta group and, on the other hand, after duplication, the pattern of expression of EST-4 was changed in the group ancestral as several species expressed this enzyme in the carcass of late third instar larvae. After speciation, biochemical differences arose between EST-4 enzymes of different species, as detected in this and other works. A comparison of N-terminal sequences among several esterases demonstrated that EST-4 and EST-5 from D. mojavensis belonged to the homologous family of serine esterases, with EST-6 and EST-P from D. melanogaster being their closest relatives (Myers et al., 1988; Pen et al., 1990) . Several authors have recently discussed relevant aspects and mechanisms of evolution by gene duplication, including the role of selection in the process (Wagner, 2002; Zhang, 2003; Hurles, 2004) . In Drosophila species, β-esterase gene cluster (Korochkin et al., 1987) is constituted by two (three in the case of D. pseudoobscura) closely linked genes, which have the same direction of transcription and similar exon/intron structure (Collet et al., 1990 (Yenikolopov et al., 1989; Brady et al., 1990; East et al., 1990; Oakeshott et al., 1990; 1993) . In D. pseudoobscura, β-esterase cluster gene is formed by three linked paralogous genes, Est-5C, Est-5B and Est-5A, located in X chromosome (Brady et al., 1990) . Brady and Richmond (1992) proposed an evolutionary history of Est-5 gene duplication in D. pseudoobscura with reference to Est-6 and Est-P in D. melanogaster. (more recently Est-P gene was considered a pseudogene and renamed as ΨEst-6 by Balakirev and Ayala, 1996) . This history was based on nucleotide sequence, patterns of gene expression and properties of corresponding enzymes. The authors also postulated that the first gene duplication event predated the divergence of D. pseudooscura and D. melanogaster and originated the Est-5A -Est-P (ΨEst-6) lineage and Est-5B/C -Est 6 lineage. A second duplication in D. pseudoobscura lineage gave rise to Est-5B and Est-5C. Further studies provided evidences that gene conversion between loci contributed to polymorphism and to the homogenization of the Est-5 genes in this latter species (King, 1998) . Both Est-5A gene of D. pseudoobsucra and ΨEst-6 of D. melanogaster are expressed under certain constraints only in late third instar larvae (Collet et al., 1990; Dumanic et al., 1997; Balakiev and Ayala, 2003 and 2004) .
Results presented in this work showed that EST-4 and EST-5 in D. mojavensis and D. arizonae have properties of isoenzymes, in agreement to previous studies about gene duplication event that generated these β-esterases. Furthermore, the method is simple and adequate to be applied in molecular weight determination of other enzymes, mostly because it has the advantage of determining a protein molecular weight without any previous purification method.
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RESUMO
Neste trabalho, um método que permite a estimativa do peso molecular de duas esterases conhecidas e intimamente relacionadas, encontradas em Drosophila mojavensis e sua espécie aparentada D. arizonae, é descrito. Este método é realizado utilizando a técnica de eletroforese em diferentes concentrações de gel e aplicando os princípios de Fergunson. As enzimas, denominadas EST-4 e EST-5, apresentaram pesos moleculares entre 81 e 91 kDa. Apesar de seus padrões diferenciados de expressão durante o ciclo de vida do inseto, elas demonstraram propriedades de enzimas codificadas por genes estruturais distintos, corroborando a hipótese de um evento de duplicação gênica recente que gerou ambas em D. mojavensis e D. arizonae, bem como em outras espécies do grupo repleta. O método proposto é simples e adequado para ser utilizado em estimativas preliminares de determinação de pesos moleculares de outras enzimas sem haver a necessidade de um procedimento prévio de purificação.
